Diabetes is a metabolic disorder demonstrated by hyperglycemia and is typically resulted from defects in insulin secretion and impaired pancreatic function. In general, wound infection is a common complication of diabetes and finding effective remedies (medications) and methods of diabetic wound healing has recently been of interests of researchers. In the present research study, PLA NANO fiber scaffolds are prepared by electro spinning in two different concentrations of 2% and 4%. Indeed, electron microscopic scanning of this NANO fiber represents the achievement of NANO fibers with average diameter of 190 nm ± 44/4 nm and 460 nm ± 75 nm that encompass a uniform morphology. Given the fact that the PLA NANO fiber scaffolding with concentration of 2% has less average diameter, smaller pores and higher biodegradability, hence, it has been selected to study wound healing. In this study, 18 male Wistar rats weighing 250-280g are divided into three groups. First, two groups of rats become diabetic with streptozotocin (55mg / kg i.p.) and another group is monitored as a control type (healthy rats). After observing the symptoms of diabetes and hyperglycemia (250-300 mg /dl in diabetic group), a wound is made on the back of neck of all four groups with diameter of 1 cm through surgical scissors. Then, wound is treated in the experimental group on a daily basis for 14 days by PLA NANO fiber scaffolding. Meanwhile, macroscopic and microscopic studies are adopted on 0, 4, 7, 14 and 7, 14 days respectively. The results revealed wound size reduction, epidermal gap decrement and reduction in wound treatment area in the treatment group compared to it in healthy groups. This, in turn, implies the positive impact of the NANO fibers in the process of wound healing.
Background
Generally, diabetic foot and diabetic foot ulcers are still considered as huge problems among diabetic patients. Diabetic foot problems are still largely unsolved despite many advances made in diagnosis and treatment of diabetes (1) . Accordingly, wound healing depends on its blood supply as ulcers in diabetic patients are intensified due to vascular dysfunction and bacterial infection caused by diabetic ulcers that are not healed completely (2) . When a wound is created, a series of complex biochemical functions are quickly involved to rebuild damaged tissue but this restoration cannot be fully fulfilled because of the scar tissue (3) . Therefore, adopting wound coverages to protect the wound, extract excess fluid from the wound surrounding, sterilize external microorganisms, and improve the appearance of accelerating healing process is required. In order to meet such requirements, coatings on wound healing must create a physical barrier while they are permeable against the passage of moisture and oxygen.
A number of methods have been used to cover wounds each having special features. In fact, special features should be considered to realize a proper wound covering remedy such as biocompatibility, biodegradability, accelerating recovery and healing process, preventing of secondary infection associated to ulcers or trauma, and preventing of wound symptom generation (scar) (4) . Traditional and even common methods have shortcomings because they often lack at least one of the abovementioned features. The scaffold used wound covering should encircle biodegradability feature and degradation speed must be coordinated with generation speed of tissue. More importantly, these scaffolds should be highly porous to facilitate cell growth and penetration of nutrients (5) . During the time period when the cell structure makes its own natural matrix, scaffold should provide a flawless structure and finally is released from new generated tissue as small molecules (6) . Synthetic polymers used for acellular scaffold fabrication can be categorized as absorbable synthetic polymers, such as PCL, PLA, PEG, etc., and non absorbable synthetic polymers including polyurethane, nylon, polytetrafluoroethylene (PTFE), etc (7-9).
Poly-lactic acid is a biodegradable polymer with long substantial strings (10) . Solid polymers are decomposed into available acids in the human body through delivering water to long polymer strands (11) . The generated scaffolding in wound healing must be biodegradable, biocompatible and porous in addition to encompassing proper functioning feature. In this paper, we aimed to fabricate and study the characteristics mentioned in scaffolding PLA in order to apply it on skin wound healing in diabetic rats with streptozotocin (STZ) procedure.
Methods

Identification of Poly Lactic Acid
In general, gel permeation chromatography (GPC) is used to determine molecular weight and polymer dispersion index by the Central Laboratory of Isfahan University. The obtained results of GPC experiment revealed that the average molecular weight of poly lactic acid was about 300 KDa 300 with diffusion index of 1.575.
Structure of Polymer Scaffolds PLA using electro spinning method
After determining PLA molecular weight through Gel permeation chromatography, polymer solutions are prepared to make electro spun NANO fibers. In order to prepare polymer solutions, PLA is dissolved in a solvent and is located in an ultrasonic bath for one hour ( Figure.1a ). For this purpose, electro spinning device is used that includes a syringe pump to inject the polymer solution and a source of high voltage between collector surface and feeder pump (12) . Initially, PLA polymer is dissolved within solvents tri flora ethanol (TFE). Then, electro spinning solution is deployed on 5 ml syringe including a needle with internal diameter of (0.337 ± 0.019). Moreover, clamp connected to power supply is joined to needle heading while rotating cylinder is connected to ground. In addition, solution injection rate is considered as 0.3-0.4 ml/h and operating distance is set as 9cm. Especially, NANO fibers formed on aluminum plate are collected which is located at a distance of 9 cm from the tip of the needle. Moreover, Electro spinning is executed in a lab environment with a temperature of 25 °C for 6 hours ( Figure. 
NANO fiber scaffold morphology scanning within electron microscopy
For providing electron microscopy, web NANO fiber sample with size of (5 x 10) is cut and deployed on the disc. The samples are then coated with gold material for 5 minutes and after that, NANO fibers morphology is examined by electron microscopy under 20 kv voltage ( Figure.1c) .
Determination of NANO fibers porosity
Indirect calculation is adopted to determine porosity by applying polymer and NANO fiber scaffolds density. Furthermore, total porosity as percentage is obtained from porosity equation as follows.
Porosity percentage equation 
NANO fibers diameter and pore size measurements by Image J software
In this section, images obtained from electron microscopy image scanning are used to image analysis and measure the diameter of the NANO fibers and pores size. This measurement is derived via Image J software (Java Version). There is a scale bar within each image that must be calibrated through the Set scale option in initialization phase of image analysis. Moreover, NANO fibers diameter and pore size are analyzed manually and randomly. Before starting the process of image analysis, contrast and threshold of each image are optimized to identify top layer of fiber scaffolds. This is adopted to ensure that only top layer scaffold porosity will be measured. Information obtained from the measurement is then extracted and transferred to Excel for data analysis. Entirely, porous scaffolds are evaluated through this program and compared with theoretical data.
Biodegradability test
The concept of NANO fiber scaffold degradation refers to loss of scaffolds mass during chemical and biological reactions that occurs in the environment. In most cases, this deterioration is appeared due to hydrolysis of the main chain. For analysis of generated NANO fiber scaffold degradation, samples are cut out in forms of circular pieces with a diameter of 1.88 cm and also weighed separately. Initially, NANO fiber scaffolds are rinsed with 70% ethanol and each side of scaffolds are sterilized for 20 minutes under the UV rays. Then third samples of each scaffold are maintained in cell cultivation container for 6 weeks within a solution of PBS 10 m-Molar with PH=7. Meanwhile, scaffolds are immersed in a solution of PBS. Moreover, cell cultivation containers are kept in a shaking incubator at 37 °C temperature. Regularly, PBS solution is replaced with fresh solution every 2-3 days and subsequently 3 samples are removed from each scaffold after a week and then washed 3 times with deionized water and dried in a vacuum oven for 24 hours at ambient temperature weighing phase is executed.
Animal model
In this study, 18 outdoor male wistar rats weighing 280-250g are purchased from medical science of Isfahan University and are kept in biology laboratory Group of Isfahan University under 12 hours illumination and 12 hours dark condition in temperature of 2 ± 22 degree in order to adapt them with new environment. These animals are then randomly assigned to experimental and controlled and negative control groups.
Induction of diabetes in animal models
In this section, streptozotocin (STZ) medicine manufactured by sigma firm is applied for induction of diabetes with dose of 55 mg/kg as injection to intraperitoneal. However, animal's blood glucose is measured three days after injection and animals with blood glucose greater than 250 mg/dl are considered as diabetic rats.
Scarring in animal models
In order to make scar, mice were first anesthetized by 50 mg/ kg of ketamine and 10 mg/kg of Xylazin. Moreover, their hairs on the back of the neck and between their shoulders are carefully shaved and wounds are created with dimensions of 1*1 cm 2 ( Figure.1d) .
Macroscopic studies
According to this study, wounds are evaluated in terms of macroscopic model to determine the area of ulcer and wound healing trend for days of 0, 4, 7 and 14. It should however be noted that 7 and 14 days reflect significant importance in terms of wound healing process. Therefore, wound area in these days is determined with imaging and images analysis using the image processing toolbox of Photoshop software Cs6. 
Microscopic studies
Specific samples of wound were released from each group on days of 7 and 14 for histological studies. Meanwhile, sample tissue to be stabilized is placed in container including 10% formalin and is transferred to pathology laboratory to prepare a tissue section slides. After complete stabilization of samples, tissue sections with a thickness of 5 microns are prepared and utilized Hematoxylin and eosin coloration with conventional methods. Finally, slide colored by a microscope (4Nikon, Japan) is investigated with zoom magnification of 10 and 40 (Figure.
Biopsy of normal and diabetic rats pancreas tissue
For the study and comparison of pancreas Langerhans islet beta cells in streptozotocin-induced diabetic rats, and normal rats, pancreatic biopsy of normal and diabetic rats were done and tissue samples were fixed in 10% formalin, then were stained by Hematoxylin & Eosin and finally were evaluated by Leitz microscope with 400 times enlargement.
Results
Electron microscopy
Electron microscope and AFM images prepared from PLA scaffold surface is shown in (Figure. 2). In this study, PLA polymer with concentrations of 2% is used fiber diameter at a concentration of 2% is determined 190 nm ± 44/4. 
Porosity and pore size
Porosity and pore size is reported in the table 1. The theoretical porosity is reported based on average weight of diameter and thickness of the spun fibers and apparent porosity is obtained based on SEM images analysis. 
Biodegradability
In this study, degradation speed is only dependent to morphology structure (size and diameter of the NANO fibers) due to utilization of PLA polymer. The PLA scaffold degradation speed with 2% concentrations is given in figures; as it is evident from figures, PLA scaffold degradation speed with 2% concentrations is higher which is induced as a result of lower diameter of NANO fibers produced through electro spinning process ( Figure. 3). 
Induction of diabetes by streptozotocin
Streptozotocin at dose 60 mg/kg, resulted in high mortality in test group (11death per 25 rats), Therefore the dose: 55 mg/kg was replaced it and diabetes developed within 3 days. The mortality rate significantly reduced (3death per 25 rats). Pancreatic biopsy of normal and diabetic rats confirmed that the islet and cells were destroyed due to the effect of Streptozotocin in diabetic rats. The comparison of these pictures shows that the tissue of pancreatic Langerhans and the beta cells of diabetic rats have been degenerated irreversibly ( figure.4) . The results of measuring of rats body weights indicated that average of body weight in diabetic rats reveals loss of weight and thinness in diabetic adult rats (figure.5). The blood glucose measurement before and after diabetes revealed that: the levels of glucose in healthy adult rats was 101 ± 5 mg/dl, But in diabetic rats was measured as 374 ± 10 mg/dl (figure.6). 
Macroscopic assessment of wound
The average area of wound in diabetic group on days 7 and 14 is 93 ± 4.25 and 27.045 mm 2 respectively. Moreover, average area of wound in treated group diabetic group with PLA NANO fibers on days 7 and 14 is 64 ± 2.37 and 27.045 mm 2 respectively. According to comparison of average area of ulcers treated with diabetes control it can be concluded that there are significant differences between them (P < 0.05) ( figure.7-8 ).
Microscopic evaluation of wounds healing
In the experiment group (PLA Nano fiber), histological findings indicate the reduction in the wound size and epidermis gap and dermis lesion surface length in the 7 th and 14 th days compared to the diabetic and healthy control groups ( figure.7) . This issue indicates its positive effect on the process of wound healing (figures.9-11).
The microscopic pilot group in the seventh day
There were no immediately apparent changes in the panniculus. On the seventh day, the wounds were open and featured with a pack of infiltrated inflammatory cells. The keratinocyte layers at the wound edges got thicker and the panniculus was not observed in the wound. In study of tissue sections marked with H & E gap (the epidermal gap is not restored and the epithelial lining is developing and the epidermal gap length and dermal area in the wound is less than the control group. It has been seen that in granulation tissue, the cell congestion is more and the blood vessels are more repeated than those in the control group ( figures.9-11 ).
The microscopic pilot group in the fourteenth day
Re-epithelialization was perfect in most of the wounds on the fourteenth day when high cellularity was still obvious and certain new collagens could be seen in the wounds. By day 14, the wound areas became shorter and dense granulation tissue was present. By day 32, cellularity significantly decreased and scar tissue was seen at the wound site. In the investigation of tissue, sections stained with H & E gap (the gap) epidermal layer has been restored and the remaining scar was not seen on the wound. The epidermal gap length in the wound has been reached 0 and epidermal area in the wound area is less than that in the control group (figures.9-11). 
Discussion
Significant technological and scientific advances have been made in the field of electros pinning for the repair and regeneration of tissues including skin. Success in skin tissue engineering is mainly based on regulating cell behavior and tissue progress through the development of a scaffold similar to the natural extracellular matrix that can support cell culture. As a natural extracellular matrix provides an ideal environment chemically, electrically and topographically for cell adhesion and proliferation, tissue engineering also needs a biocompatible scaffold, immunological neutral, driving, biodegradable to support the growth and repair of skin lesions. In general, a suitable covering for the wound has features as follows: preventing the infiltration of external infectious agents (some are very small), failure to prevent the entry of oxygen and water, biocompatible, biodegradable, accelerating wound healing, preventing bleeding and failure to create ulcer syndrome. Our studies showed that PLA Nano-fibrous scaffold at a concentration of 2%, due to the small pore size, high biodegradability and wound regenerative properties has a proper feature to be used as a wound dressing.
Today, by imitating the in vivo conditions as much as possible, researchers are trying to improve the efficacy in vitro conditions. Tissue engineering is of great importance to achieve this goal by providing a variety of scaffolds in cell culture environment that can be an imitation of the body's extracellular space. Recent developments in electro spinning method have lead to the production of a continuous solid fiber with diameters in the range of several nanometers by controlling the surface inter-molecular structure. According to the survey, it is found that using electro spinning process is the best method of producing Nano fibers from polymeric materials where the production of Nano fibers is continuously done. Thus, in this study, we used the electro spinning method to prepare PLA Nano fiber scaffold.
Nguyen, et al suggested that Cur-loaded Nano fibers with appropriate Cur concentration are nontoxic and have potential as component of wound-healing patches (13) .
Treatment with PLA Glass dressings significantly reduced the wound area, compared with the PLA-or commercial dressingstreated wounds.
The result of the present study revealed that the PLA Nano fibers might be properly used as a wound dressing. The wound healing was accelerated and the Nano fibers sheet was tightly adhered to the wound. In the experiment group PLA Nano fiber, some fragments of the PLA Nano fiber, equal as 1.5*1.5 cm 2 were put on the wounds as dressing. The macroscopic and histological findings indicate the improvement of the wound healing process in the 7 th and 14 th days. The results obtained from the present study indicate a significant reduction in the wound size and improvement of wound healing process of the wounds in artificially diabetic rats after application of PLA Nano fiber scaffold. Therefore, the application of the mentioned compound to help diabetic wound healing can be investigated in further studies particularly in clinical trials. In general, two main reasons might be mentioned for wound healing with Nano fiber PLA: the three-dimensional, network and porous structure of the Nano fiber scaffold which causes the pus and blood moisture absorption and high passage of oxygen over wounds and facilitating wound healing. 2. The chemical structure of Nano fiber PLA and its favorable biological properties such as its biocompatibility and antibacterial nature cause the assimilation of the biochemical environment of the natural tissue and absorption of fibroblasts as well as facilitating wound healing. The instances of wounds are healed after 10 days (14) .
